Leaf scald, caused by Xanthomonas albilineans (Ashby) Dowson, is a potentially severe disease of sugarcane (interspecific hybrids of Saccharum L.) (17) . The pathogen colonizes the xylem and may or may not induce visible symptoms in infected plants. When present, symptoms range from white leaf stripes or bleaching to extensive leaf necrosis, which may result in death of shoots or entire plants of susceptible cultivars (10, 17) . Symptom expression and severity are associated with the level of cultivar resistance, environmental conditions, and pathogen aggressiveness. Severe losses to leaf scald occurred early in this century on susceptible "noble canes" derived from Saccharum officinarum L. The introduction of more resistant hybrid cultivars, produced from crosses involving S. spontaneum L., brought the disease under control (17) . However, the continued rapid spread of leaf scald throughout the sugarcane growing regions of the world, and the occurrence of periodic outbreaks in areas where the disease was assumed to be under control, have caused concern.
In the continental United States, leaf scald was first detected in Florida in 1967 (14) and in Louisiana in 1992 (8) . In Florida, the disease remained very limited in distribution until the late 1980s, when it spread rapidly through sugarcane producing areas (1). In Louisiana, a field survey was undertaken soon after its detection to determine the distribution of the disease in the state and to evaluate the response of commercial cultivars (10) . Leaf scald was found in all sugarcane producing areas with a range of incidence and severity depending on the cultivar. The cultivars CP 74-383 and LCP 82-89 were the most affected in terms of incidence and severity. Since planting resistant cultivars is the most effective method of control (4, 17) , the objective of this study was to determine if a greenhouse inoculation test, using infectivity titration, would be useful to accurately assess the resistance of promising sugarcane clones developed by breeding programs. Infectivity titration has been used in other pathosystems (5) , and to test sugarcane resistance against the ratoon stunting disease (RSD) pathogen, Clavibacter xyli subsp. xyli (9) . Preliminary results of this research have been reported (15) .
MATERIALS AND METHODS
Source of sugarcane. Inoculum preparation. X. albilineans was isolated from cultivar LCP 82-89 as previously described (16) . A leaf showing symptoms of leaf scald was washed thoroughly with tap water and dried with a paper towel. Segments approximately 1 cm in length were excised from longitudinal white stripes, transferred to a microscope slide containing sterile water, and observed under a dissecting microscope for exudate containing bacteria. Plant tissue exudate was collected with a Pasteur pipet, transferred to a semi-selective medium (3), and incubated for 5 days. An individual colony, designated XaIT, was transferred to a 500-ml flask containing 250 ml of Wilbrink's broth (17) and grown in shake culture for 3 days at room temperature. Just before inoculation, the broth culture was serially diluted in 1.5 ml microfuge tubes, spread on Wilbrink's agar and incubated for 5 days at 28ºC to estimate inoculum concentration. Dilutions used as inoculum contained approximately 10 1 , 10 5 , or 10 8 CFU/ml. Isolate Xa IT was used in both experiments. Inoculation. Single-bud cuttings of each cultivar were immersed in 1 liter of each inoculum suspension in plastic ziplock bags. After 1 h at room temperature, the inoculum was removed and the bags were sealed and maintained overnight at room temperature (9) . The next day, the cuttings Greenhouse experiments were conducted to determine potential of infectivity titration to evaluate resistance of sugarcane to leaf scald disease caused by Xanthomonas albilineans. In two experiments, single-bud cuttings were inoculated with suspensions containing 10 1 , 10 5 , or 10 8 CFU/ml of X. albilineans. The occurrence of symptoms was recorded every 15 days from 45 to 210 days after inoculation. At the final evaluation date, leaf vascular sap was plated onto selective medium to detect latent infections. ED 50 (log 10 of the bacterial concentration required to infect 50% of inoculated plants) was estimated for each cultivar based on probit analysis of cumulative infection frequency. Frequency of infected plants varied among inoculum doses and cultivars and resulted in ED 50 values ranging from 3.0 to 12.3 and 3.1 to 9.8 in the first and second experiments, respectively. Good agreement between experiments was observed for ED 50 values of individual cultivars. Differences in ED 50 among cultivars agreed with field observations of natural disease incidence. Cultivar responses to leaf scald were compared based on the cumulative frequencies of death and recovery in symptomatic plants, and the frequencies of symptomatic plants observed at different evaluation dates for plants inoculated with 10 8 CFU/ml of X. albilineans. Good agreement between ED 50 values and these responses was observed. Greenhouse inoculation tests using infectivity titration or just one inoculum concentration could provide an alternative to field tests for the assessment of sugarcane resistance to leaf scald.
were planted in 32-well styrofoam trays containing Jiffy-Mix Plus (Jiffy Products of America, Batavia, IL) and maintained under greenhouse conditions. The plants were watered regularly and fertilized (N = 15%, P = 30%, K = 15%, 2.6 g per liter) when symptoms of mineral deficiency, as indicated by general leaf chlorosis, were observed.
Disease assessment and analysis. Sugarcane plants were observed for white leaf stripes every 15 days, 45 to 210 days after inoculation. The position of each symptomatic plant in the tray was marked on a map at each evaluation date. Symptomatic plants were maintained in the trays. At the last evaluation, leaf samples were collected for assessing latent infections. All nonsenescent leaves were excised from each plant using a knife sterilized in 95% ethanol and flamed. Sections 2.5 cm in length from these leaves were packed tightly into 1.5-ml microfuge tubes (6) and kept on ice. The tubes were centrifuged at 8,000× g for 3 min in a microfuge or a DuPont-Sorval RC5B centrifuge (DuPont, Newtown, CT) using the SH-MT rotor for 1.5 ml tubes.
Sterile tweezers were used to remove leaf segments from the tubes. Sap volumes of approximately 20 µl were collected from each sample and plated on a semi-selective medium (3) using sterile wood toothpicks. Plates were maintained at 28ºC and observed after 7 days for the presence of small, light yellow and nonmucoidal colonies typical of X. albilineans. The cumulative frequency of infection (total number of symptomatic plants plus latent infections) were analyzed using the probit procedure of SAS (Statistical Analysis System, Cary, NC) to estimate ED 50 values (log 10 of the bacterial concentration required to infect 50% of the inoculated plants) (5) for each cultivar.
Cultivar response to leaf scald was also measured based on the cumulative frequency of death or recovery in symptomatic plants at all three inoculum concentrations, and on the cumulative frequencies of symptomatic plants inoculated with 10 8 CFU/ml of X. albilineans recorded at each evaluation date. Plants were considered recovered from leaf scald disease if no white stripes were evident from 150 to 210 days after inoculation. Agreement of ED 50 values with cumulative frequency of death or recovery of symptomatic plants and the cumulative frequency of symptomatic plants at different evaluation dates were tested by correlation analysis. Correlation analyses were conducted only with cultivars included in both experiments.
RESULTS
White longitudinal stripes, identical to those observed on leaves of diseased plants under field conditions, were observed as early as 30 days after inoculation in both experiments. Symptoms developed earlier in plants inoculated with the higher inoculum concentration (results not shown).
The frequency of infected plants varied among cultivars and inoculum concentrations (Table 1 ED 50 values for cultivars were highly correlated in both experiments (Table 4 ). In the first experiment, significant correlation was observed between ED 50 and the cumulative frequency of dead plants recorded during the entire period the experiment was conducted, and between ED 50 and the cumulative frequency of symptomatic plants inoculated with 10 8 CFU/ml of X. albilineans recorded from 90 to 210 days after inoculation. In the second experiment, significant correlation was observed between ED 50 and cumulative frequencies of death and recovery in symptomatic plants, recorded during the entire period the ex- 
DISCUSSION
Traditionally, tests of sugarcane cultivar response to leaf scald have been conducted under field conditions with the decapitation inoculation method (4, 12, 13, 18, 21, 22) . This method contains uncontrolled variables that may affect the results. In some cases, the inoculum consists of juice obtained by crushing severely infected sugarcane stalks with no estimation of inoculum concentration. Different inoculum concentrations may result in different plant responses and/or frequency of infections, as demonstrated in this work, especially for the susceptible and resistant cultivars. Another problem is associated with the quality of the inoculum used, as pointed out by Valdebenito and Tokeshi (20) . Vascular bundles of leaf scald-infected sugarcane plants were found to harbor a mixture of bacterial species (19) . These bacteria could interact with X. albilineans, interfering with the process of plant infection and disease development (20) . Finally, inoculated plant surfaces are exposed to environmental conditions that vary between experiments.
The use of the decapitation inoculation method to assess leaf scald resistance has not always produced results that match field reactions to leaf scald. In experiments in Australia with 15 cultivars of known field reaction under natural conditions, differences in clone reactions occurred between trials, which were attributed to variable weather conditions (4) . It was impossible to separate the intermediate and susceptible groups of cultivars, and one cultivar, which was resistant in the field under natural conditions, was rated as intermediate (4) . Leaf scald symptom expression in cultivars in inoculated tests conducted in the field under Louisiana conditions also has been variable (M. P.
Grisham and J. W. Hoy, unpublished data).
In ten experiments conducted between 1993 and 2000 using the decapitation method to determine susceptibility of breeding clones to leaf scald, inoculation was unsuccessful in four.
The cultivars (11 or 12 of the 13) tested in this study, using infectivity titration, were tested in two field experiments using the decapitation method (M. P. Grisham, unpublished) . The reactions of CP 65-357 in the field experiments did not agree with the results of the infectivity titration experiments. CP 65-357 was among the most susceptible in the field experiments while ranking tenth most susceptible (Table 2) in the infectivity titration experiments. Cultivar response-year interaction also was observed in the field experiments. For example, CP 70-321 ranked second, sixth, and seventh most susceptible, and CP 74-383 ranked first, third, and fifth most susceptible among the three field experiments. These results indicate the need for an alternative method to assess cultivar responses to leaf scald that would be more consistent and reliable.
Here we show that the response of sugarcane to the leaf scald pathogen can be assessed by infectivity titration experiments carried out under greenhouse conditions. The The experiments were carried out in foam trays with the plants grown close to each other, and symptomatic plants were maintained until the last evaluation, when leaf samples were collected and processed for pathogen isolation. The prolonged, close proximity of diseased and healthy plants in the trays could have resulted in natural spread of leaf scald during watering, caused by bacterial cells that exude from infected leaves (11) . None of the plants of susceptible or highly susceptible cultivars in another study, however, were colonized nor developed leaf scald symptoms when a suspension of 10 8 CFU/ml of X. albilineans was sprayed on sugarcane leaves or when young tissue culture derived plants or cuttings were planted in X. albilineans infested soil (11) . In addition, any natural disease spread in the infectivity titration experiments would have been minimized by maintaining cultivars in different trays and separating the different inoculum concentrations. Even if some natural spread of leaf scald occurred, differences in resistance among cultivars were clearly identified.
The results of this study are in agreement with the results of a survey conducted shortly after the appearance or leaf scald in Louisiana to determine the geographic distribution, incidence, and severity of leaf scald in naturally infected sugarcane fields (10) . In that survey, leaf scald was most widely distributed in cultivars CP 74-383 and LCP 82-89, which were also the most affected by the disease in terms of incidence and severity. In a field of droughtstressed CP 74-383, extensive plant death and severe losses were observed. HoCP 85-845 was released in 1993, and infected plants were found in 11 out of 55 seedcane fields surveyed. Leaf scald symptoms were not observed in any fields of LCP 85-384 at the same locations. In CP 70-321, CP 72-370, and LHo 83-153 the disease was less widely distributed, and low disease incidence was found in fields. Leaf scald was not observed in fields of CP 65-357. In the years after this study (10) , the cultivation of CP 74-383 was discontinued, high incidence of disease occurred in LCP 82-89 and HoCP 85-845, and the extensive occurrence of severe symptoms including plant death has been observed in LCP 82-89 but not in HoCP 85-845 (Grisham and Hoy, unpublished data) . LCP 85-384 is now widely cultivated without exhibiting leaf scald symptoms.
Altogether these results indicate that infectivity titration conducted in the greenhouse may provide a reliable alternative to the decapitation inoculation method to assess the resistance of sugarcane clones to leaf scald disease. The ED 50 values, and also the frequencies of death and recovery in symptomatic plants, gave good agreement with observed cultivar responses under natural conditions.
The same clone rankings were obtained with cumulative frequencies of symptomatic plants at the highest inoculum concentration (10 8 CFU/ml), as early as 150 days after inoculation. This suggests that the use of one inoculum concentration, with evaluations based only on symptom expression, would be sufficient to assess cultivar resistance. The use of only one inoculum concentration and evaluation procedure would simplify the technique and allow a larger number of cultivars to be tested. This would be a useful technique for the routine assessment of clone reactions determined as part of a cultivar selection program.
